chromatography using AHA(7V-co-aminohexyl-L-aspartic acid)-Sepharose 6B gel a /?-CNAladegrading enzyme was purified from the cell-free extract, and it was found that the enzyme was specific for the degradation of /?-CNAla. The strain also utilized the aliphatic nitriles, aceto-, propio-, rc-butyro-and succinonitrile, as the sole nitrogen source. Cell-free extracts from cells grownon various aliphatic nitriles possessed both nitrilase and amidase activity but not /?-CNAla-degrading activity, and in this strain /?-CNAla was found to be degraded via a pathway different from that for common nitriles.
During the course of our study of the metabolism of cyanogenic compoundsin microorganisms, a cyanide-resistant strain, Enterobacter sp. 10-1, was found to accumulate /?-cyano-L-alanine (/?-CNAla), which contains a nitrile group and is regarded as a nitrile, as the result of cyanide fixation.1~3) Some higher plants have been found to form pCNAla as the first intermediate on a cyanideassimilating pathway,4~8) and j6-CNAla serves as a precursor of y-glutamyl-j8-CNAla.4'5) In other higher plants, /?-CNAla is hydrolyzed to form asparagine,6~8) and an enzyme (/?-CNAla hydrolase) which catalyzes the degradation of /?-CNAla to form asparagine has been partially purified, and some properties of the enzyme have been reported.8) In microorganisms, the results of studies using isotopes indicated that Bacillus megaterium9>10) and
Chromobacteriumviolaceum1 1] assimilated cyanide to form aspartic acid via /J-CNAla. An asparaginase in E. coli12 '13) has been demonstrated to be involved in the conversion of /?- Bacteriology," 8th Ed.14) The physiological characteristics of the microorganism were studied by the methods described in the "Manual of Microbiological Methods."15)
Preparation of cell-free extract. An aliquot (5 ml) of a seed culture of the organism was inoculated into 100 ml of the mediumused in the isolation of /?-CNAla-assimilating organisms, in 500-ml shaking flasks, and incubated for 48hr at 30°C on a shaker. Cells were harvested by centrifugation at 10,000 x g for 15 min, washed twice with 50mMpotassium phosphate buffer, pH 7.5, containing 10mM2-mercaptoethanol and disrupted with an ultrasonic oscillator (Kaijo Denki, 19.5 kHz). Cells and debris were removed by centrifugation at 15,000 x g for 30 min, and discarded. The supernatant obtained was used as the cell-free extract.
Enzymeassay. The /?-CNAla-degrading activity was assayed in a reaction mixture containing 20 /umol of -CNAla, 50 fimol of Tris-HCl buffer, pH 8.5, and the enzyme solution, in a final volume of 1.0ml. The reaction was carried out at 37°C for 1hr, and the amount of pCNAla was determined. For the assay of asparaginase activity, 20 jumol of asparagine was used as a substrate instead of /?-CNAla. The reaction was carried out as described above, and the amount of asparagine or ammonia formed was determined. One unit of /?-CNAladegrading activity or asparaginase activity was defined as the activity degrading 1 /imol of substrate or producing 1 /imol of ammoniain the reaction mixture under the above conditions. Specific activity was defined as the activity per 1 mg of protein.
Nitrilase activity was assayed in a reaction mixture containing 20^mol of rc-butyronitrile, 100 /xmol of potassium phosphate buffer, pH 7.5, and the enzyme solution, in a final volumeof 1.0ml. The reaction was carried out at 30°C for 1 hr, and the activity was determined by measurement of ammoniaformed. For the assay of amidase activity, 20 fimol of rc-butyramide was used as a substrate instead of «-butyronitrile. One unit of enzyme activity was defined as the activity degrading 1 /imol of substrate, or the activity forming 1 fimol of ammonia under the above conditions. Specific activity was defined as the activity per 1 mg protein.
Analyses. The quantity of /?-CNAla was determined by the method described in the preceeding paper,1} asparagine and aspartic acid were determined by the method of Giri et al}6) and «-butyronitrile and «-butyramide were determined using gas chromatography,17) respectively. A de- Identification of the microorganism The properties of Strain 13 were investigated. An electron micrograph is shown in Fig.  2 . Some morphological and physiological characteristics are given in Table I . The microorganism was Gram-negative, rod-shaped (0.5 to 0.8 by 1.6 to 1.8/an) and had polar flagella. It grew well under aerobic conditions. Nitrate reduction and denitrification were positive, and indole production and H2S production from TSI agar were negative. Catalase and cytochrome oxidase were positive. The strain was able to utilize the compounds listed in Table I CNAlaas a sole nitrogen source of Strain 13 is shown in Fig. 3 . In 24hr, /?-CNAla disappeared completely from the culture fluid with growth of the bacterium. However, asparagine and aspartic acid, which are assumed to be intermediates of /?-CNAla assimilation, were not accumulated in the culture fluid.
fi-CNAla-degradation by cell-free extract of Strain 13 The degradation of /?-CNAla by resting cells of Strain 13 grown on //-CNAla medium was examined, and it was observed that the disappearance of /?-CNAla was accompanied by the formation of aspartic acid. This suggested that Strain 13 may assimilate /?-CNAla via aspartic acid.
In addition, the degradation of /?-CNAla by the cell-free extract of Strain 13 grown on /?-CNAlawas examined. The cell-free extract of the strain catalyzed the formation of aspartic acid from /?-CNAla without the formation of asparagine, as is shown in Fig. 4A . As shown in Fig. 4B , the cell-free extract also catalyzed the formation of aspartic acid from asparagine.
Partial purification of p-CNAla-degrading enzyme from cell-free extract by affinity chromatography using an AHA (N-co-amino-
hexyl-L-aspartic acid) -Sepharose 6B column
To clarify whether the /?-CNAla-degradation is catalyzed by a specific enzyme or not, the /?-CNAla-degrading enzyme was purified from the cell-free extract. Purification was performed by affinity chromatography on an iV-co-aminohexyl-L-aspartic acid-Sepharose 6B (AHA-Sepharose 6B) column, which is useful for the separation and purification of enzymes relating to the metabolism of laspartic acid.19) The cell-free extract was applied to a column of AHA-Sepharose 6B equilibrated with 5 mMpotassium phosphate buffer, pH 7.5. After the column was washed thoroughly with the same buffer, the enzyme was eluted with a linear gradient of potassium chloride from 0 to 0.1 m as shown in Fig. 5 . At first, asparaginase was eluted, and then /?- The degradation of /?-CNAla or asparagine as the substrate by each fractions, asparaginase-or /?-CNAla-degrading enzyme fraction, was examined. The asparginase fraction An aliquot (5ml) from the seed culture of the organisn was inoculated into 100ml of mediumas described ii Materials and Methods. Cultivation was carried out ir 500-ml shaking flasks at 30°C on a reciprocal shaker (-O-), jft-CNAla; (-A-), asparagine; (-å¡-), aspar tic acid; (-#-), growth; (-A-), pH. zyme under the standard assay conditions, 5.2 /imol of asparagine and 2.5 pimol of aspartic acid were found to be formed with the disappearance of 7.5 fimol of j8-CNAla. The results suggested that /J-CNAla was degraded by an enzyme specific for jS-CNAla-degradation but not by asparaginase in Strain 13.
Growth of Strain 13 on various nitriles and amides
The growth of Strain 13 with various nitriles and amides as nitrogen sources was examined.
As shown in Table II , the organism grew well on such aliphatic nitriles as aceto-, propio-, nbutyro-and succinonitrile and such amides as acet-, propion-,^-butyr-, malon-and succinamide which were presumed to be the metabolites of corresponding nitriles. However, malononitrile, benzonitrile and benzamide were inert as nitrogen sources for this strain. 
